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(54) Combination cvi/cvd and heat treat suceptor lid 

(57) The invention relates to a susceptor lid (30) for 
use in a CVI/CVD furnace (10). More specifically, the 
invention is directed to a lid configured to consecutively 
run CVI/CVD and heat treatment processes without 
opening the furnace. The susceptor lid according to the 
invention comprises a susceptor lid body having a gas 
exhaust hole; and, an exhaust lid disposed over said 
gas exhaust hole, said exhaust lid being configured to 
move within the CVI/CVD furnace from a first position 
wherein said exhaust lid covers said gas exhaust hole to 
a second position wherein said gas exhaust lid at least 
partially uncovers said gas exhaust hole. 
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Description 
BACKGROUND 

[0001] The invention relates to a susceptor lid for 
use in a CVI/CVD furnace. More specifically, the inven- 
tion is directed to a lid configured to consecutively run 
CVI/CVD and heat treatment processes without open- 
ing the furnace. 

[0002] Refractory composites are commonly sub- 
jected to heat treatment and CVI/CVD processes. 
According to prior art processes, different susceptor lids 
are used for each process because a CVI/CVD suscep- 
tor lid is provided with holes, and the heat treatment 
susceptor lid is imperforate in order to prevent radiative 
heat transfer through the lid. A lid that may be used for 
both processes without opening the furnace is desired. 

SUMMARY OF THE INVENTION 

[0003] According to an aspect of the invention, a 
confined heat treat and CVI/CVD susceptor lid for a 
furnace susceptor, comprising: 

a susceptor lid body having a gas exhaust hole; 
and, 

an exhaust lid disposed over said gas exhaust hole, 
said exhaust lid being configured to move within the 
CVI/CVD furnace from a first position wherein said 
exhaust lid covers said gas exhaust hole to a sec- 
ond position wherein said gas exhaust lid at least 
partially uncovers said gas exhaust hole. 

BRIEF DESCRIPTION OF THE DRAWINGS 


[0004] 


view of an exhaust stack according to an aspect of 
the invention. 

FIG. 10 presents the FIG. 9 exhaust stack with the 
exhaust lid opened. 

FIG. 1 1 presents a detailed dimensional view of a 
thread design according to an aspect of the inven- 
tion. 

DETAILED DESCRIPTION 
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FIG. 1 presents a cross-sectional side view of a 
CVI/CVD furnace that implements a susceptor lid 
according to an aspect of the invention. 
FIG. 2 presents a cross-sectional top view along 
line 2-2 of FIG. 1. 

FIG. 3 presents a cross-sectional side view of a 
susceptor lid according to an aspect of the inven- 
tion wherein the exhaust holes are covered. 
FIG. 4 presents a cross-sectional side view of the 
FIG. 3 susceptor lid with the exhaust holes uncov- 
ered. 

FIG. 5 presents a top view of a susceptor lid 
according to an aspect of the invention. 
FIG. 6 presents a side cross-sectional view of a 
susceptor lid according to an aspect of the inven- 
tion. 

FIG. 7 presents a top view of a susceptor lid 
according to a certain embodiment of the invention. 
FIG. 8 presents a side cross-sectional view of the 
FIG. 7 susceptor lid along line 8-8. 
FIG. 9 presents an enlarged side cross-sectional 


[0005] Various aspects of the invention are pre- 
sented in Figures 1-10 which are not drawn to scale, 
and wherein like components are numbered alike. 
Referring now to Figure 1. a cross-sectional view of a 
is high temperature furnace 10 is presented, by way of 
example, that implements various aspects of the inven- 
tion. Furnace 10 is configured to be employed with a 
high temperature process. As used herein, the term 
"high temperature" means a temperature substantially 
20 elevated above room temperature in the range of 300 C 
or greater. Refractory materials, generally, are manufac- 
tured and/or processed at temperatures greater than 
300 C, and may be on the order of 900-3000C, or 
higher. For example, a porous carbon aircraft brake disk 
25 may have a pyrolytic carbon matrix deposited within it by 
a CVI/CVD process conducted at a temperature in the 
range of 900-1 100 C, and may be heat-treated at a tem- 
perature up to 2200 C or higher. Manufacturing and 
processing other types of ceramic materials may occur 
30 at other temperatures. Furnaces are commonly config- 
ured specifically for processing refractory composite 
materials using high temperature processes. Such 
processes include deposition of a binding matrix within 
a porous substrate, and heat treatment processes 
35 wherein refractory composite materials are heated for a 
defined period of time in order to alter some aspect of 
the material properties. Such processes are well known 
in the art. 

[0006] Furnace 10 is generally cylindrical and com- 
40 prises a steel shell 12 and a steel lid 14. The shell 12 
comprises a flange 16 and the lid 14 comprises a mat- 
ing flange 18 that seals against flange 16 when the lid 
14 is installed upon the shell 12, as shown in Figure 1. 
The shell may be configured as a double wall (not 
45 shown) with cooling water flowing through the space 
enclosed by the double wall. The lid also comprises a 
vacuum port 20. The shell 12 and lid 14 together define 
a furnace volume 22 that is reduced to vacuum pres- 
sure by a steam vacuum generator (not shown) in fluid 
50 communication with the vacuum port 20. The shell 12 
rests upon a multitude of legs 62. The furnace 10 also 
comprises a cylindrical induction coil 24 adjacent a 
cylindrical susceptor 26. The induction coil 24 com- 
prises coiled conductors 23 encapsulated by electrical 
55 insulation 27. During operation, the induction coil 24 
develops an electromagnetic field that couples with the 
susceptor 26 and generates heat within the susceptor 
26. The induction coil 24 may be cooled, typically by 
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integral water passages 25 within the coil 24. The sus- 
ceptor 26 rests upon a susceptor floor 28 and is covered 
by a susceptor lid 30. A cylindrical insulation wall 32 is 
disposed in between the susceptor 26 and the induction 
coil 24. Ltd insulation layer 34 and floor insulation layer 
36 are disposed over the susceptor lid 30 and beneath 
the susceptor floor 28, respectively. The susceptor floor 
28 rests upon the insulation layer 36 which, in turn, rests 
upon a furnace floor 38. The furnace floor 38 is attached 
to the shell 12 by a floor support structure 40 that com- 
prises a multitude of vertical web structures 42. A reac- 
tant gas is supplied to the furnace 10 by a main gas 
supply line 44. A multitude of individual gas supply lines 
46 are connected in fluid communication with a multi- 
tude of gas ports 48 that pass through the furnace shell 
12. A multitude of flexible gas supply lines 50 are con- 
nected in fluid communication with the gas ports 48 and 
a multitude of gas inlets 52 that pass through holes 54 
in the furnace floor 38, the floor insulation layer 36, and 
the susceptor floor 28. A gas preheater 56 rests on the 
susceptor floor 28 and comprises a multitude of stacked 
perforated plates 58 that are spaced from other by a 
spacing structure 60. Each plate 58 is provided with an 
array of perforations that are horizontally shifted from 
the array of perforations of the adjacent plate 58. This 
causes the reactant gas to pass back and forth through 
the plates, which diffuses the reactant gas within the 
preheater 56 and increases convective heat transfer to 
the gas from the perforated plates 58. A multitude of 
porous substrates 62, for example brake disks, are 
stacked within the furnace 10 inside the susceptor 26 on 
fixtures (not shown for clarity). Suitable fixtures are well 
known in the art. Referring now to Figure 2, a cross-sec- 
tional view of the furnace 10 along line 2-2 of Figure 1 is 
presented. 

[0007] Chemical vapor infiltration and deposition 
(CVI/CVD) is a well known process for depositing a 
binding matrix within a porous structure. The term 
"chemical vapor deposition" (CVD) generally implies 
deposition of a surface coating, but the term is also 
used to refer to infiltration and deposition of a matrix 
within a porous structure. As used herein, the term 
CVI/CVD is intended to refer to infiltration and deposi- 
tion of a matrix within a porous structure. The technique 
is particularly suitable for fabricating high temperature 
structural composites by depositing a carbonaceous or 
ceramic matrix within a carbonaceous or ceramic 
porous structure resulting in very useful structures such 
as carbon/carbon aircraft brake disks, and ceramic 
combustor or turbine components. The generally known 
CVI/CVD processes may be classified into four general 
categories: isothermal, thermal gradient, pressure gra- 
dient, and pulsed flow. See W.V Kotlensky, Deposition 
of Pvrolytic Carbon in Porous Solids. 8 Chemistry and 
Physics of Carbon. 173. 190-203 (1973); WJ. Lackey, 
Review. Status, and Future of the Chemical Vapor Infil- 
tration Process for Fabrication of Fiber-Reinforced 
Ceramic Composites, Ceram. Eng. Sci. Proc. 10[7-8] 


577, 577-81 (1989) (W.J. Lackey refers to the pressure 
gradient process as "isothermal forced flow"). In an iso- 
thermal CVI/CVD process, a reactant gas passes 
around a heated porous structure at absolute pressures 

s as low as a few torr. The gas diffuses into the porous 
structure driven by concentration gradients and cracks 
to deposit a binding matrix. This process is also known 
as "conventional" CVI/CVD. The porous structure is 
heated to a more or less uniform temperature, hence 

10 the term "isothermal." In a thermal gradient CVI/CVD 
process, a porous structure is heated in a manner that 
generates steep thermal gradients that induce deposi- 
tion in a desired portion of the porous structure. The 
thermal gradients may be induced by heating only one 

is surface of a porous structure, for example by placing a 
porous structure surface against a susceptor wall, and 
may be enhanced by cooling an opposing surface, for 
example by placing the opposing surface of the porous 
structure against a liquid cooled wall. Deposition of the 

20 binding matrix progresses from the hot surface to the 
cold surface. In a pressure gradient CVI/CVD process, 
the reactant gas is forced to flow through the porous 
structure by inducing a pressure gradient from one sur- 
face of the porous structure to an opposing surface of 

25 the porous structure. Flow rate of the reactant gas is 
greatly increased relative to the isothermal and thermal 
gradient processes which results in increased deposi- 
tion rate of the binding matrix. This process is also 
known as "forced-flow" CVI/CVD. Finally, pulsed flow 

30 involves rapidly and cyclically filling and evacuating a 
chamber containing the heated porous structure with 
the reactant gas. The cyclical action forces the reactant 
gas to infiltrate the porous structure and also forces 
removal of the cracked reactant gas by-products from 

35 the porous structure. The furnace and fixture configura- 
tion may vary substantially depending upon the type of 
process, and the various aspects of the invention may 
be implemented with any of these processes, depend- 
ing upon the particular configuration. As such, the fur- 

40 nace configuration of Figures 1 and 2 is presented by 
way of example, and is not intended to limit the invention 
to the specific arrangement presented. 
[0008] Referring now to Figures 3 and 4, cross -sec- 
tional views of the susceptor fid 30 are provided, 

45 according to an aspect of the invention. The susceptor 
lid 30 comprises a susceptor lid body 100 having a gas 
exhaust hole 102 and an exhaust lid 104 disposed over 
the gas exhaust hole 102. The gas exhaust hole 102 
allows reactant gas introduced into the furnace 10 

so through the gas inlets 52 to pass through the susceptor 
lid 30 to the vacuum port 20. The exhaust lid 104 is con- 
figured to move within the CVI/CVD furnace 10 from a 
first position, as presented in Figure 3, wherein the 
exhaust lid 104 covers the gas exhaust hole 102 to a 

55 second position, as indicated in Figure 4, wherein the 
gas exhaust lid 104 at least partially uncovers the gas 
exhaust hole 102. According to a preferred embodiment 
the susceptor lid body 100 comprises a plurality of gas 
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exhaust holes 102 and a plurality of exhaust lids 104 
disposed over the gas exhaust holes 102, each gas 
exhaust hole 102 having a corresponding exhaust lid 
104 configured to move from a first position wherein that 
exhaust lid 104 covers that gas exhaust hole 102 to a < 
second position wherein that exhaust lid 104 at least 
partially uncovers that gas exhaust hole 102. The 
exhaust lid 104 is preferably seated upon the susceptor 
lid body 100. Referring now to Figure 5. a top view of the 
susceptor lid 30 is provided showing all of the exhaust 
lids 104 in the first position wherein the gas exhaust 
holes 102 are covered except for one gas exhaust lid 
104 that is presented in the second position wherein 
one gas exhaust hole 102 is at least partially uncovered, 
as indicated by 106. In certain preferred embodiments, 
one or more exhaust lids 104 are configured to reversi- 
Wy move from the first position to the second position 
during a CVI/CVD process without opening the furnace. 
According to a preferred embodiment, the exhaust lid 
104 is seated upon the susceptor lid body 100 disposed 
over the gas exhaust hole 102, and the exhaust lid is 
configured to remain in a first position wherein the 
exhaust lid 104 covers the gas exhaust hole 102 in the 
absence of gas flow through the gas exhaust hole 102 
and to be movable solely by flow of gas through the gas 
exhaust hole 102 to a second position wherein the gas 
exhaust lid 104 at least partially uncovers the gas 
exhaust hole 102. According to a certain embodiment, 
the exhaust lid 104 is a relatively light piece of insulating 
material that is placed over the gas exhaust hole 102. 
Initiating gas flow through the gas exhaust hole 102 
blows the exhaust lid 104 off of the gas exhaust hole 
thereby uncovering it. Further embodiments are dis- 
closed herein, although it is not intended to limit the 
invention to a specific embodiment since variations are 
evident to those persons skilled in the art in light of the 
description provided herein. 

[0009] Referring now to Figure 6, a cross-sectional 
view of a susceptor lid 108 is presented according to a 
further aspect of the invention. The susceptor lid 108 
comprises a susceptor lid body 110 that comprises a 
susceptor plate 1 12 and an insulation layer 114 overly- 
ing the susceptor plate 112. A gas exhaust hole 116 is 
provided through the susceptor plate 1 12 and the insu- 
lation layer 114, and an exhaust lid 1 18 covers the gas 
exhaust hole 1 16 that operates in the same manner as 
the exhaust lid 104 of Figures 3-5. A plurality of gas 
exhaust holes 116 and corresponding exhaust lids 1 18 
are preferably provided. The susceptor plate 112 is 
made from a material that interacts with the susceptor 
coil magnetic field in the same manner as the susceptor 
26 of Figures 1 and 2. The insulation layer 114 may 
superpose the susceptor plate 112 and be attached 
thereto, and may define an exposed upper surface 115 
having sufficient rigidity to permit furnace service per- 
sonnel to walk on the exposed surface 1 1 5 without dam- 
aging the insulation layer 114. 

[0010] Referring now to Figures 7 and 18. a suscep- 


tor lid 120 is presented according to a certain preferred 
embodiment, which features various aspects of the 
invention that may be employed alone or in combina- 
tion. Figure 7 presents a top view of the susceptor lid 
120, and Figure 8 presents a side view of the susceptor 
lid 120 with portions broken away as indicated by line 8- 
8 of Figure 7. The susceptor lid 120 comprises a sus- 
ceptor lid body 122. The susceptor lid body 122 com- 
prises a susceptor plate 124, a f irst insulation layer 126. 
3 a second insulation layer 127, a gas exhaust hole 128. 
and a gas exhaust tube 130 attached to the susceptor 
plate 124 with one end 132 encircling the gas exhaust 
hole 128. An exhaust lid 136 is seated upon an oppos- 
ing end 1 34 of the gas exhaust tube 1 30. The first insu- 
5 lation 126 is made from a softer material with better 
insulation properties than the second insulation layer 
127, while the second insulation layer 127 is made from 
a more rigid material than the first insulation layer 127 to 
increase the overall mechanical strength of the suscep- 
o tor lid 1 20 and to provide an exposed upper surface 1 38 
having sufficient rigidity to permit furnace service per- 
sonnel to walk on the exposed surface 1 38 without dam- 
aging the first and second insulation layers 126 and 
127. The susceptor plate 124, first insulation layer 126 
> 5 and second insulation layer 127 are superposed and 
held together by a multitude of tie-rods 140 and nuts 
142 threaded onto the tie-rods 140. The tie-rods 140 
closest to the periphery are provided with a threaded 
hole 144 into which a threaded eye-bolt (not shown) 
30 may be inserted for lifting and moving the susceptor lid 
1 20. The threaded eye-bolts are typically removed dur- 
ing a CVI/CVD or heat treatment process. A susceptor 
lid for a large CVI/CVD or heat treatment furnace is typ- 
ically several feet in diameter and may exceed the stock 
35 widths of the materials used to construct the lid. In such 
case, each layer of the lid may be assembled from 
smaller sub-components. For example, lap joints 146 
and 1 48 may be provided in the first and second insula- 
tion layers 126 and 127. respectively, and lap joints 150 
40 may be provided in the susceptor plate 124. thereby 
breaking each of these layers into narrower sub-compo- 
nents. The lap joints 150 are preferably shifted in angle 
relative to the lap joints 146 and 148 in order to increase 
the overall strength of the susceptor lid 120. Lapping the 
45 joints prevents shine-through of radiation through the 
susceptor lid 120. 

[001 1 ] Referring now to Figures 9 and 1 0, enlarged 
cross-sectional views of a preferred embodiment of the 
gas exhaust tube 130 are presented. Figure 9 presents 

so a view of the portion of the susceptor lid 120 along line 
9-9 of Figure 8 with the exhaust lid 1 36 in a first position 
wherein the gas exhaust hole 128 is covered. Figure 10 
presents a view of the same portion of the susceptor lid 
body 120 as Figure 9, except the exhaust lid 136 is in a 

55 second position wherein the exhaust lid 136 partially 
uncovers the gas exhaust hole 128. In this example of 
an aspect of the invention, the exhaust lid 136 com- 
prises a flapper 146 hinged to the susceptor lid body 
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120 overlying the exhaust hole 128. The exhaust lid 136 
is configured to reversibly move from the first position 
(Figure 9) wherein the exhaust lid 136 covers the gas 
exhaust hole 128 to the second position (Figure 10) 
wherein the gas exhaust lid 1 36 at least partially uncov- 5 
ers the gas exhaust hole 1 28. The gas exhaust tube 1 30 
may be provided with a knuckle 1 48 that mates with the 
f lappa- 146 and is attached thereto by a hinge pin 150. 
This arrangement permits the flapper 146 to easily 
rotate around the hinge pin 150. According to this w 
embodiment, the flapper 146 is rotated from the first 
position to the second position by the presence of gas 
flow through the gas exhaust hole 128. Terminating the 
gas flow causes the flapper 146 to return to the first 
position. The flapper 1 46 preferably comprises a recess 75 
1 54 where it mates to the exhaust tube 1 30, and is pref- 
erably provided with a flapper insulation cap 152 that 
covers the outer exposed portions of the flapper 146. 
The outside of the gas exhaust tube 130 that extends 
above the second insulation layer 127 is preferably 20 
enveloped by a an exhaust tube insulation sleeve 156. A 
flapper stop 149 may be provided that limits rotation of 
the flapper 146 and prevents over-rotation of the flapper 
1 46 to a position where it will not close upon termination 
of gas flow through the gas exhaust hole 128. In the 2 s 
example presented, the flapper stop 149 is integrally 
formed as a part of the knuckle 1 48. 
[001 2] Methods according to various aspects of the 
invention are also provided. Referring again to Figures 
1 , 3 and 4, a method is provided for exhausting a gas 30 
through the susceptor lid 30, comprising the steps of 
covering the gas exhaust hole 102 in the susceptor lid 
30 disposed within the CVI/CVD furnace 10; and, 
uncovering the gas exhaust hole 102 within the 
CVI/CVD furnace, at least partially, to permit gas to 3s 
pass through the gas exhaust hole 102. According to a 
further aspect of the invention, a method is provided for 
exhausting a gas through the susceptor lid 30, compris- 
ing the steps of covering the gas exhaust hole 102 in the 
susceptor lid 30 disposed within a CVI/CVD furnace 1 0 40 
while heat treating a substrate 62 disposed within the 
CVI/CVD furnace 10; and, uncovering the gas exhaust 
hole 1 02, at least partially, to permit gas to pass through 
the gas exhaust hole 102 while CVI/CVD depositing a 
binding matrix within the substrate 62. A multitude of as 
substrates 62 may be disposed within the CVI/CVD fur- 
nace, wherein both the steps are performed upon the 
multitude of substrates 62. According to a further aspect 
of the invention, a CVI/CVD method is provided, com- 
prising the steps of heating the substrate 62 disposed so 
within the susceptor 36 within the CVI/CVD furnace 10 
to an elevated temperature, the susceptor 26 having a 
susceptor lid 30; passing a flow of reactant gas into the 
CVI/CVD furnace 10; exposing the substrate 62 to the 
reactant gas wherein the reactant gas decomposes and ss 
deposits a binding matrix within the substrate 62; 
exhausting the flow of reactant gas through a gas 
exhaust hole 102 in the susceptor lid 30; heat treating 


the substrate 62 within the CVI/CVD furnace 10 at a 
heat treat temperature greater than the elevated tem- 
perature while ceasing to pass the reactant gas around 
the substrate 62 and covering the gas exhaust 1 02. 
[0013] Referring now to Figure 1 1 , a thread design 
is presented that is suitable for use in lifting the lid, and 
particularly for use at the lift points 144. The thread 
design presented in Figure 1 1 is designed for maximum 
thread shear strength for brittle, low fracture toughness 
and low shear strength materials such as monolithic 
ceramics and graphite. These materials are also notch 
sensitive and defect sensitive. Since these threads are 
designed for lifting an object, i.e. the lid, a high safety 
factor is desirable to avoid catastrophic failure. The 
thread design is different from a standard metal thread 
design in the following ways: larger thread height (or 
depth), larger pitch, (or less threads per inch), rounded 
(or non-sharp) crests and troughs, and additional clear- 
ance between the internal and external threads. These 
features allow for a larger quantity of material that 
makes up the thread and for better load distribution 
across the thread. Also, the detrimental effects of notch 
sensitivity and material flaws (voids) are minimized. 
Moreover, a "V-type thread (which is used for metallic 
threads) helps to distribute shear loads more uniformly 
than other types of threads. All of these features result 
in a thread that withstands higher ultimate mechanical 
loads, closer to the theoretical shear/tensile strength of 
the bulk material. 

[0014] Mechanical testing of this threadform utiliz- 
ing different grades of graphite was performed. The ATJ 
(UCAR) grade demonstrated an average failure load of 
2900 lbs. and the CGW (UCAR) grade - a higher 
strength grade - demonstrated an average failure load 
of 3425 lbs. Fracture occurred at the base of the first 
thread (in the graphite lifting post) in the majority of the 
tests. Using the pitch diameter of .7307-inches, a total 
thread surface area of 2.296 sq. inches can be calcu- 
lated for the entire 1 0-inch thread length (6 threads) uti- 
lized in these tests. This equates to a 1263 psi thread 
shear strength for the ATJ grade and 1492 psi thread 
shear strength for the CGW grade. Assuming that the 
first three threads handles the majority of the load (typi- 
cal practice), these thread shear strengths can be cal- 
culated as 2526 psi and 2984 psi, respectively. 
[0015] According to a certain embodiment for 
CVI/CVD processing and heat treating carbon/carbon 
aircraft brake disks, the susceptor lid 120 of Figure 8 is 
employed with the exhaust lid of Figures 9 and 10. The 
susceptor plate 124 is manufactured from monolithic 
graphic having suitable suscepting properties, such as 
CS grade graphite, available from UCAR Carbon Com- 
pany Inc., United States of America, or HLM grade 
graphite, available from SGL Carbon Corporation. 
United States of America. The gas exhaust tubes 130 
flapper 146 are manufactured from monolithic graphite, 
such as the CS grade graphite or HLM grade graphite 
materials just described. The hinge pins 150 may be 
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manufactured from monolithic graphite or carbon/car- 
bon composite. The tie rods 1 40 and nuts 1 42 are man- 
ufactured from monolithic graphite, such as ATJ grade, 
available from UCAR Carbon Company Inc. The outer 
tie rods 140 having threaded holes 144 are manufac- 5 
tured from a monolithic graphite having a greater 
strength, such as grade ATJ or CGW. available from 
UCAR Carbon Company Inc.. since these are the lift 
points for moving the entire lid. The flapper insulation 
cap 152 is manufactured from a graphite foam, such as w 
Cal-Foam® material, available from SIGRI Polyarbon. 
Inc. The first insulation layer 1 26 is manufactured from a 
rigid carbon felt, such as Calcarb CBCF material, avail- 
able from Calcarb, Ltd., Scotland, or Fibergraph® mate- 
rial, available from SIGRI Polycarbon, Inc., United is 
States of America. All exterior surfaces of the rigid car- 
bon felt components are painted with a graphite paint, 
such as TC-2 graphite paint, available from EGC Enter- 
prises Inc. United States of America, and then further 
sealed with an additional coat of phenolic based paint, 2 o 
such as Rigidseal® paint, available from SIGRI Polycar- 
bon. Inc.. The second insulation layer 127 is manufac- 
tured 1rom a graphite foam, as previously described. All 
exterior surfaces of the graphite foam layer forming the 
second insulation layer 127 and flapper insulation cap 2 5 
152 are coated with a layer of graphite paint, as previ- 
ously described. The outside curcumferential surface of 
the first and second insulation layers 126 and 127, the 
inside surface of the gas exhaust tube 130, and the 
underside of the flapper 146 that rests on the gas 3 o 
exhaust tube 130 are coated with a graphite foil sheet, 
such as Graf oil® material available from UCAR Carbon 
Company Inc., or Calgraph® material, available from 
SIGRI Polycarbon, Inc., bonded in place using a graph- 
ite adhesive, such as Graphi-Bond 669 adhesive, avail- 35 
able from Aremco Products Inc., United States of 
America. A sheet of graphite foil may optionally be 
bonded to the top surface of the second insulation layer, 
but is not necessary since the graphite foam coated as 
described herein is sufficiently abrasion resistant to per- 40 
mit furnace service personnel to walk on its surface. 
[0016] It is evident that many variations are possible 
without departing from the true scope and spirit of the 
invention as defined by the claims that follow. 

45 

Claims 

1. A combined heat treat and CVI/CVD susceptor lid 
for a furnace susceptor, comprising: 

50 

a susceptor lid body having a gas exhaust hole; 
and, 

an exhaust lid disposed over said gas exhaust 
hole, said exhaust lid being configured to move 
within the CVI/CVD furnace from a first position 55 
wherein said exhaust lid covers said gas 
exhaust hole to a second position wherein said 
gas exhaust lid at least partially uncovers said 


gas exhaust hole. 

2. The apparatus of claim 1 1 wherein said exhaust lid 
is configured to reversibly move within the CVI/CVD 
furnace from a first position wherein said exhaust 
lid covers said gas exhaust hole to a second posi- 
tion wherein said gas exhaust lid at least partially 
uncovers said gas exhaust hole. 

3. "The apparatus of claim 1 , wherein said susceptor 
lid body comprises a plurality of gas exhaust holes 
and a plurality of exhaust lids disposed over said 
gas exhaust holes, each gas exhaust hole having a 
corresponding exhaust lid configured to move from 
a first position wherein that exhaust lid covers that 
gas exhaust hole to a second position wherein that 
exhaust lid at least partially uncovers that gas 
exhaust hole. 

4. The apparatus of claim 1, wherein said susceptor 
lid body comprises a susceptor plate and a gas 
exhaust tube attached to said susceptor plate with 
one end encircling said gas exhaust hole, said 
exhaust lid being seated upon an opposing end of 
said gas exhaust tube. 

5. The apparatus of claim 1. wherein said susceptor 
lid body comprises a susceptor plate and an insula- 
tion layer overlying said susceptor plate. 

6. A combined heat treat and CVI/CVD susceptor lid 
for a furnace susceptor, comprising: 

a susceptor lid body having a gas exhaust hole; 
and, 

an exhaust lid seated upon said susceptor lid 
body disposed over said gas exhaust hole, said 
exhaust lid being configured to remain in a first 
position wherein said exhaust lid covers said 
gas exhaust hole in the absence of gas flow 
through said gas exhaust hole and to be mova- 
ble solely by flow of gas through said gas 
exhaust hole to a second position wherein said 
gas exhaust lid at least partially uncovers said 
gas exhaust hole. 

7. A combined heat treat and CVI/CVD susceptor lid 
for a furnace susceptor, comprising: 

a susceptor lid body having a gas exhaust hole; 
an exhaust lid seated upon said susceptor lid 
body disposed over said gas exhaust hole, said 
exhaust lid comprising a flapper hinged to said 
susceptor lid body overlying said exhaust hole. 

8. A combined heat treat and CVI/CV susceptor lid for 
a furnace, comprising: 
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a susceptor plate; 
an insulation layer superposing said susceptor 
plate and attached thereto, said insulation layer 
defining an exposed upper surface and having 
sufficient rigidity to permit furnace service per- 5 
sonnel to walk on said exposed surface without 
damaging said insulation layer. 

9. The apparatus of claim 8, wherein said susceptor 
plate and said insulation layer have a gas exhaust 
hole therethrough, and further comprising an 
exhaust lid disposed over said gas exhaust hole, 
said exhaust lid being configured to reversibly move 
from a first position wherein said exhaust lid covers 
said gas exhaust hole to a second position wherein 
said gas exhaust lid at least partially uncovers said 
gas exhaust hole. 

10. In combination, a CVl/CVD and heat treat furnace 
comprising a susceptor and a susceptor lid, said 
susceptor lid comprising a susceptor plate having a 
gas exhaust hole, and ah exhaust lid disposed over 
said gas exhaust hole, said exhaust lid being con- 
figured to move from a first position wherein said 
exhaust lid covers said gas exhaust hole to a sec- 
ond position wherein said gas exhaust lid at least 
partially uncovers said gas exhaust hole. 

1 1 . The apparatus of claim 10, wherein said exhaust lid 
is configured to reversibly move within said furnace 
from a first position wherein said exhaust lid covers 
said gas exhaust hole to a second position wherein 
said gas exhaust lid at least partially uncovers said 
gas exhaust hole. 

1 2. The apparatus of claim 1 0. wherein said exhaust lid 
is movable from said first position to said second 
position solely by flow of gas through said gas 
exhaust hole. 

13. A method of exhausting a gas through a susceptor 
lid. comprising the steps of: 


14. A method of exhausting a gas through a susceptor so 
lid, comprising the steps of: 

covering a gas exhaust hole in said susceptor 
lid disposed within a CVl/CVD furnace while 
heat treating a substrate disposed within said ss 
CVl/CVD furnace; and, 

uncovering said gas exhaust hole, at least par- 
tially, to permit gas to pass through said gas 
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exhaust hole while CVl/CVD depositing a bind- 
ing matrix within said substrate. 

1 5. The method of claim 1 4, wherein a multitude of sub- 
strates are disposed within said CVl/CVD furnace, 
and wherein both said steps are performed upon 
said multitude of substrates. 

16. A CVl/CVD method, comprising the steps of: 

heating a substrate disposed within a suscep- 
tor within said CVl/CVD furnace to an elevated 
temperature, said susceptor having a suscep- 
tor lid; 

passing a flow of reactant gas into said 
CVl/CVD furnace; 

exposing said substrate to said reactant gas 
wherein said reactant gas decomposes and 
deposits a binding matrix within said substrate; 
exhausting said flow of reactant gas through a 
gas exhaust hole in said susceptor lid; 
heat treating said substrate within said 
CVl/CVD furnace at a heat treat temperature 
greater than said elevated temperature while 
ceasing to pass said reactant gas around said 
substrate and covering said gas exhaust hole. 

17. The method of claim 16, wherein a multitude of sub- 
strates are disposed within said CVl/CVD furnace 
that are subjected to said steps. 

18. A CVl/CVD method, comprising the steps of: 

heat treating a substrate disposed within a sus- 
ceptor within said CVl/CVD furnace to an ele- 
vated temperature, said susceptor having a 
susceptor ltd with at least one gas exhaust hole 
that is covererd; 

subsequently uncovering said gas exhaust 
hole; 

passing a flow of reactant gas into said 
CVl/CVD furnace; 

exposing said substrate to said reactant gas 
wherein said reactant gas decomposes and 
deposits a binding matrix within said substrate; 
and. 

exhausting said flow of reactant gas through 
said gas exhaust hole. 

1 9. The method of claim 1 8, wherein a multitude of sub- 
strates are disposed within said CVl/CVD furnace 
that are subjected to said steps. 
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covering a gas exhaust hole in said susceptor 
lid disposed within a CVl/CVD furnace; and. 45 
uncovering said gas exhaust hole within said 
CVl/CVD furnace, at least partially, to permit 
gas to pass through said gas exhaust hole 
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